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HttEMOTHERAPY 



The present invention relates to the treatment of medical conditions using a 
combination of cherooth&rapeutic agents. 

In general, when chemotherapy is used for the treatment of human cancers and 
the like, a combination of agents is employed. In the past, the reasoning behind the 
choice of which particular combinations of agents are used has been essentially a 
pragmatic decision, often based more on tolerances to toxicity rather than specific 
targets. 

Recent studies of the process of carcinogenesis, have revealed that many of 
the genetic lesions involved, cause errors in the cell division/death pathways. The 
molecular changes that result from such lesions initiate the cancer process. Due to this 
the molecules involved in such changes provide potentially highly specific targets for 
chemotherapy. Using the targets identified by this approach new therapeutic agents 
may be introduced into the clinic However, to achieve optimal clinical benefit from 
these agents, they may too need to be used in combination with other anticancer 
drugs. Again the choice of which particular combinations of agents are used ha* been 
a decision based more on tolerances to toxicity rather than specific targets. 



According to a first aspect of the present invention, there is provided a use of a 
first agent that attenuates Topoisomerase II activity and a second agent thai inhibits 
Heat Shock Protein 90 activity for the manufacture of a medicament for 
contemporaneous or sequential administration in chemotherapy. 



According to a second aspect of the present invention, there is provided a 
method for conducting chemotherapy comprising contemporaneously or sequentially 
administering to a person or animal in need of said treatment a therapeutically 
effective amount of a first agent that attenuates Topoisomerase II activity and a 
second agent that inhibits Heat Shock Protein 90 activity. 
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According to a third aspect of the present invention, there is provided a 
composition for use in chemotherapy comprising therapeutically effective amounts of 
a first agent that attenuated Topoisom erase n activity and a second agent that inhibits 
Heal Shock Protein 90 activity and a pharmaceutical^ acceptable vehicle. 

By "chemotherapy" we mean treatment of cells to cause a targeted cell death. 
Chemotherapy is required in cancer treatment where it is desirable to target 
transformed cells. Chemotherapy is also employed to treat infections caused by 
pathogens (e.g. bacterial, fhngal or viral infections). 

Topoisomerase II (Topo II) is required for die viability of all eukaryotic cells 
and plays important roles in DNA replication, recombination* chromosome 
segregation and the maintenance of the nuclear scaffold, Topoisomerase II is also 
required for RNA polymerase n transcription from chromatin . r^anan "S 

and other mammalian cells* (here are at least two forms of hv {j ^oUer n * 
enzyme, but in yeast there is only one. The two human isoforme ><i^^^(^^>U | 
designated <x and 0 show distinct patterns of expression during the celi cyole, having 
different nuclear localisation and tissue specific expression. However there are no 
functional differences between the two enzymes in their ability to support 
chromosomal segregation. Proteins associated with these enzymes modulate their 
activity and are likely to be isozyme specific. The activity of die yeast topoisomerase 
II is regulated by its phosphorylation state. One of the most important kinases 
regulating the yeast Topoisomerase II is casein kinase II (CKII). The interaction 
between these two proteins is sufficiently strong that CKJI co -purifies with 
topoisomerase II. 



Sequences for Topoisomerase II are known to the art and may be found in the 
following papers/gene databases: 



(a) Human Topo 11 a : Tsai-Pflugfelder et al. Proc Natl Acad Sci USA 1988 
Oct;85(19):7177-8I; GENBANK/I04088; and NCBI PubMed nucleotide LOCUS 
NM_001067. 
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(b) Human Tape II 0: Jenkins et al Nucleic Acids Res 1992 Nov 1 1 ;20(21):5587-92 
GENBANK/X68060; and NCBI PubMed nucleotide LOCUS NMJ)01O68. 

<c) Splice variants exist for Topo II p and are referred to by Davies,S*L. et al Nucleic 
Acids Res. 21 (16), 3719-3723 (1993); GENBANK/X719U; and NCBI PubMed 
nucleotide LOCUS HSTOP1TB2 



(d) Yeast Topo II; Giaever G et al 3 Biol Chem 1986 Sep 2 5 ;26 1 (27): 1 2448-54; 
GENBANK/M138H ; and NCBI PubMed nucleotide LOCUS YSCTOP2 

(e) A bacterial homologus of Topo II (DNA gyrase - which has two submits): 
Swanberg Sl Wang J Mol Biol 1987 Oct 20;197(4):729-36; Adachi et al Nucleic 
Acids Res 1987 Jan 26;15(2):771-84; Omi^/K \\b J. ^341; GENBANK/X00870; antt^ 1 ' 
NCBI PubMed nucleotide LOCUS EC^/i-SF 

Some known chemotherapeutic agents are believed to act as Topo II 
inhibitors. Tbey are mainly used in the treatment of acute cancer, particularly 
leukaemia for remission induction, as salvage therapy and conditioning therapy for 
bone marrow transplantation. One of the main drugs used is etoposide (VP 1 6). 



However, agents such as etoposide have problems with toxicity in healthy 
tissues. Furthermore resistance often develops and complicates the treatment of 
cancers (e.g. leukaemias). Such drugs can also induce sister chromatid exchange, 
chromosomal recombination and chromosome aberrations and are associated with a 
significant risk of secondary leukaemia. Various factors that may modulate cell death 
and apoptosis in response to topoisomerase 11 inhibition include the p53 status of the 
cell, levels and activity of the Bax and Bcl-2 families. 



Heat Shock Protein 90 (HSP90) consists of a highly conserved, 25 kDa N- 
terminal domain connected to a highly conserved, 55 kDa C-terminal region by a 
'chained linker 1 , which is variable in both length and composition among species and 



isoforms. The eukaryotic HSP90s we essential and ubiquitous molecular chaperones 
with key roles in the folding, activation and assembly of a range of client proteins 
typically involved in signal transduction, cell cycle control or transcriptional 
regulation* 

Sequences for HSPOO are known to the art and may be found in the foUowing 



les: 



(a) Human HSP90 beta: Rebbc ei ai. Gene 1987^3(2-3):235^5; 
GEN3ANK/M16660; and NCBT PubMed nucleotide LOCUS HUMHSP90 

(B) A bacterial homologue of HSP90 from E.ooli (HtpG): Nemoto et ai. Eur J 
Biocnem. 2001 Oct;268(20) : 52S8-69; swissprot: locus HTPG.ECOLI, accession 
P10413 (protein accession number); and NCBI PnbMed protein LOCUS 
HTPG_ECOT..3 

Heat Shoc^oteins exert their effect under conditions of stress such as heat 
shock, oxidative, chemical and other stress situations. The biochemical function of 
HSP90 is catalysing the correct folding and maturation of a number of protein 
substrates. Without the function of HSP90 the abnormal conformation of the partner 
proteins would target them for proteolytic degradation. 

HSP90 is known to bind to mediators of signalling pathways and other 
proteins but it is not known to the art that HSP90 may interact with Topo II. However 
the inventors have established that HSP90 and Topo 11 interact. 

The inventor has found that the combined use of a first agent that attenuates 
Topoisomerase II activity and a second agent that inhibits Heat Shock Protein 90 
activity is highly effective for effecting chemotherapy. The first and second agents 
may be administered contemporaneously (e.g. as a composition according to the third 
aspect of the invention) or sequentially. If administered sequentially me first and 
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second agents should be therapeutically active within the subject being treated at the 
same time. 



Chemotherapy with first and second agents according to the invention is 
particularly useful because such therapy results in synergistic actions. Furthermore 
satisfactory therapy may be effected using lower doses than would be required in a 
monotherapy. This has die advantage that the toxic side-effects associated with high 
doses of chemotherapeutic agents may be obviated or reduced. For instance, damage 
to health tissues (and other associated side effects of high dose chemotherapy - e.g. 
sickness, hair loss) may be reduced in human cancer chemotherapy by using lower 
doses of the combined agents according to the invention (than would be required in a 
monotherapy) without comprising the efficacy of the treatment. 

The invention is based upon our studies that have been orientated towards die 
national design of chemotherapeutic regimens. The inventor realised that drug 
^/elopment up to the present time has only been directed against single molecule 
targets and that rational selection of combination chemotherapy may be based on 
investigating the mechanisms of action of chemotherapeutic agents and identifying 
potential interaction at the cellular targets of such agents. The inventor's studies 
established that Topo II and HSP0O interact and lead to the realisation thai a 
combination of agents that specifically inhibit the individual proteins will have great 
efficacy in chemotherapy. Further experimentation (see the Example) established that 
treatment of cells with a combination of agents according to the invention was highly 
effective as a chemotherapy. Furthermore the combination surprisingly represented a 
synergistic effect Although we do not wish to be bound by any hypothesis, we 
believe that disrupting the interaction between the Topo II and HSPSO allows the 
generation of more DNA damage, thus killing the dividing cells, than would be 
possible using the agents in monotherapy. We believe the agents have such effucacy 
because two tragets in a single pathway (the stress response pathway) are modulated. 



Two papers in the prior art contemplate the use of HSP90 inhibitors in 
combination with other chemotherapeutic agents, 
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Munster et al, (Clin Cancer Res 2001 Aug;7(8):222S-36) discloses that 
ansamycin antibiotics such as 1 7-AAG (an HSP90 inhibitor) and Doxorubicin may be 
combined in chemotherapy. However there is no suggestion that cither of these agents 
will modulate Topo II. Furthermore the paper only describes the effect of these agents 
on apoptosis (studied by looking at the nuclei) and does not show synergy in terms of 
cell death or proliferation. 

Blagosklonny et a L (Leukemia 2001 Oct; 1 5(1 0):1 537-43) discloses that the 
anssroycin antibiotic (geldanaraycin * an Hsp90 inhibitor) sensitises cells to the 
effects of Taxol or doxrubicdn. There is no suggestion that any of the effects are to do 
with any interaction between HSP 90 and topoisomerase IL 

Doxorubicin is known to have three potential mechanisms of 

(a) Semiquinone free radical and oxygen radical generation ; 

(b) alteration of membrane fluidity and ion transport; and 
(c) DNA intercalation -blocking synthesis of DNA and RNA. 

A skilled person would consider the Munster and Blagosklonny papers to 
relate to the study of HSP90 modulated signalling pathways (i.e. RB- and Bcr-Abl 
pathways).Thcy would consider the Munster and Blagosklonny papers and come to 
the conclusion that doxorubicin would be effective in chemotherapy because it is 
modulating Topo II. This is because the state of the art dictates that HSP 90 inhibitors 
are effective in chemotherapy because they modulate signalling pathways and would 
not be expected to interact with Topo II (which is not a mediator of signal 
transduction). 

Furthermore one skilled in the art would appreciate that both 1 7-AAG and 
doxorubicin are quinines and* as stated in a published commentary on the Munster 
paper (Sausville (2001) Clin Cancer Res Vol 7 2155-2158) 3 would expect thai there 
would be a high likelihood of the combination of these agents causing end-organ 
toxicity. Accordingly based on the prior art a skilled person would not chose to use 
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these agents in combination because they wouJd be toxic to an animal or human 
irrespective of what they may do to any tumour. 

Several classes of compound may be used according to the invention as the 
fast agent These compounds include: 

(i) compounds that bind to Topo II and inhibit its activity (e.g. competitive 
inhibitors; allosterie inhibitors or cleavable complex inhibitors); 

(ii) compounds which prevent the transcription, translation or expression of 
Topo 11 (e.g. riboszytnes or antisense DNA molecules e.g. antisense crossing 
the first intron/exon boundary); 

(Hi) compounds which inhibit release of Topo II from intracellular stores; and 
(iv) compounds which increase the rate of degradation of Topo II. 

- — impounds may ^ Topo np, - - — 

Doxorubicin, is toxic and it is preferred • a\vi# ti* Dcxombicin. i 

A preferred class of first agents that may be used according to the invention 
are compounds that interfere with the breakage and religation of a G segment of 
DNA. Such compounds form structures that favour DNA strand breakage often 
referred to as "cleavable complexes." In the absence of these compounds the cleavable 
complexes are usually short-lived whereas the presence of (be preferred first agents 
induces a large number of cleavable complexes, which if unresolved ultimately lead 
to cell death. Examples of such first agents include: 

- Podopbyllotoxin derivatives and analogues (e.g, etoposide); 

- Anthracenedione derivatives and analogues (e.g. Mitoxantrone); or 

- m-AMSA (amsacrine) 

Amsacrine has the following properties: 

m-AMSA 
Amsidine 
Axnsine 

Methanesulfonamide, N-[4-(&-acridinylamino)-3-raethoxyphenyl]-(9CI) 
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CAS Registry Number. 513M-14-3 
NSC 249992 



native* fe.g ICRF-154, 159, 187 & 193) represent a 
further class of first agems j «i ClC kinc n the ATT*- 

operated clamp of the enzyme. 



1CRF-187 
ADR-529 

SS!S2£^ (S) " (9Cl) 

J^eraanedione, 4.4'-pr«pytened l - > (P> (SCI) 
Chemical Data 

CAS Registry Number. 24584-09-6 
Image 
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NSC 169780 



ICRF-159 . 

+M3,5^5'-TetrtoxoH,2-dipiper^^ 
(.+-,)- 1 . 2-Bis(3J5-dioxopiperazinyl)pr(ypane 
(+-)-(3,S^',5 , -TetraDxo)-l,2-iJipipera2inopiopane 
(+-)-! ^-Bik3iS^ioxopipera2myl)propane 



129943 



V - y , ab, (.+-.)-l,2-bi$(3, S-dioRopiperaaan-l -yl)- 

. v-^perazinedione, 4, 4'-( I -methyl- 1 £-ethanediyl)bis-, (+-)- (9CI) 
& 6-PipCTazinedion6,4.4 , -(l-methyl-l,2-ethan©diyl)bis-, <.4~.> (9CI) 
^6-Piperazinedione, 4,4 , -propylenedi- 
2, 6-Pipert2inedione, 4,4'-propy]enedi-, (.+-.)- (8CI) 
2. 6-Piperazinedione, 4,4 , -propylenedi-, (+-> (8CI) 




NSC 129943 

CAS Registry Number: 21416875 
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Thiobarbiturates (e.g. Merbarone or a derivative or analogue thereof); 
Genisten (or a derivative or analogue thereof); and Pyrazoloacridine (or a derivative 
or analogue thereof) represent further preferred first agents, 

Merbarone 

S-Pyrunidinecarboxainide, hexahydro-4, 6-dioxo-N-phmyl-2-thioxo- 
CAS Regiatry Number: 97534-21-9 
http.7/dtp.nri.na.gov/docs/static%5F^ 




NSC 336628 

CAS Registry Number: 97534-2 1-9 



Genisten 

GEN 1 STEIN 

CI. 75610 Genistein 

Genisteol 

GOTrterinl8oflavone,4',5,7-trihydroxy- (8CI) 

Prunetol 

Sophoricol 

4',5, 7-Trihydroxyisoflavone 

4H- 1 -Benzopyran-4-one, 5, 7^ihyd^^-3-(4-hydroxyphenyl)- (9C1) 




FILE No. 162 28.03. '02 17:53 ID:MARKS i CLERK (LEEDS) FAX:0113 389 5601 



PAGE 16 



11 



CAS Registry Number 446-72-0 
NSC 36586 




mono! 

NSC 366140 
CAS Registry Number: 99009-20^8 



Most preferred first agents for use according to the invention are etoposide 
(VP16) and teniposide. 



dS^w-^dophyllotoxin^thylidene glucosbdb, 

lol^ffio^TdeSeivl., 4, a-O-emylidene-^-D-glucopyranoside (8C1) 
Etoposide 



SSSwiDM^PMhl. 3-dioxol-6(5aH)-one, 9-[(4, 6-O-ethylidene-beta-D- 

iSSSmiSSS^ 9-t e tr^ydTO-5^hydro X y-3 I 5^mie1no X yphe n yl)-. [5R- 

[5.a1pha., 5a,bet3.,8a.alpha.,9.bBta.(R*)]]- (9CJ) 

NSC 141540 

NSC141540 

Vepesid 

Vepesid J 

VP 16-213 

VP-16 
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NSC 141540 

CAS Registry Number: 33419420 



Tettiposide 

(SO) ^JodopbyUMoata, 4--d=m«hyH SK4. «0-2-tta«,yl,d«, e -.b«a.-D- 
ghicopyranoside) (8CI) 

IW3' ^-fiTlnaphtbo^-dl-U-dioxol^CSaHVone, 5,8,8a, $-tetrahydro-5-(4- 

Sxy-3;5:aimXxypUylW[4, 6-CK2-fhieayIm e thylen e )..b e t^-D- 
JucoBvranosylloxyl-, r5R-(5.alpha.^a.beta.,8a.alpha..9.beta.))- 

JucopyraAosylloxy]-. t5R-[5.alpha^a.b«te.,8a.8lpha..9.beta.(R*)n- (9CI) 
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Fwo[3 , J 4':6,7]naphihof2,3-d].l,3-<liwo]-6(5aH)-one, 5,8,8a, 9-tetrahydro-5-(4- 
hydroxy-3,5-dim^hoxypheftyl)-9-[[4, 6-0-(2-iWeoylmethylene)-.beta.-D- 
gl«copyranosyl]oxy]-,[SR-<5.alpha.^a.beta. t 8a.alpba.,9.bcta.)]- 

NSC 12819 
NSC122819 
PTG 

Tenyposide 

TENIPOSIDE 

Veham-Sandoz 

Vehem 

Vumeon 

VM26 

4-DemethylepipodophyUotoxiii-.beita.-D-thenylideiieglucoside 
4'-Demethylepipodophyllotoxin thenylidene glucoside 




NSC 122819 

CAS Registry Number: 29767202 



Human Topoisomerase II isoforms are known to interact with Sgslp (a 
eukaryotic homolog of R coli RecQ) and Patl (a 90 kDa proline and glutamine rich 
protein). These proteins are required, together with Topoisomerase IL to affect 
chromosome segregation and have been isolated using the yeast two hybrid cloning 
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system. Additionally, a physical association between Topoisomerase 11 and the 
underphosphorylated form of Rb protein has beep established by reciprocal 
immunoprecipitarion and immunoWotting. Numerous other proteins have also been 
shown to interact with topoisomera$e II including; oAMP response element protein, 
ATF-2, Jun, CD3e, Barren, small ubiquitin-reJaied mcdifieM, caspase-activated 
DNase and histone deacetylases. It will be appreciated that agents which modulate 
such proteins may alto be used as first agents according to the invention. 

Several classes of ciranpound may be used according to the invention as the 
second agent These compounds include; 

(i) compounds that bind to HSP90 and inhibit its activity (e.g. competitive 
inhibitors or allosteric inhibitors); 

(ii) compounds which prevent the transcription, translation or expression of 
HSP90 (e,g. ribozyroes or antisense DNA molecules); 

(iii) compounds which inhibit release of HSP90 from intracellular stores; a?A 

(iv) compounds which increase the rate of degradation of HSP90. 

Oeldanamycin and its derivatives (e.g. 17-AHylamino,17- 
demethoxygeldanamycm - 17-AAG or Macbecin U) are preferred second agents for 
use according to the present invention, 

Macbecin II 

Oeldanamycin, 18,2l^dehydro^,17-dideroethoxy-18^l-didcoxo-18, 21-dihydroxy- 
1 5-methoxy-6-methyi- 1 1 -O-methyl-, (6S.15R)- (9CI) 

Geldanamyein, 1 8.2 1 ~did£hydro-6> 1 7-didemethoxy- 18,21 -dideoxo- 1 8, 21-d£bydroxy- 
1 5-methoxy-6-methyl- 1 1 -O-methyl- 

Geldanamycin, 18, 2 l-didehydro~6 t 17-dideme£hoxy- 18,21 -dideoxo- IS, 21-dihydroxy- 
1 5-methoxy-6-metfcyl- 1 1-o-methyi-, (6SJ5R)- 
MACBECIN II 
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2-Azabicyclo|;i6.3.1]docosan6,fiddanaroycMi deriv. (9CI) 
NSC 330500 

CAS Registry Number: 73341738 




Geldanamyein 



NSC 122750 



Radicicol may be used as a second agent according to the invention. 



Radlcteol 




RafiOdcol 
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It will be appreciated that agents may be developed that have a dual action in 
that they are able to attenuate Topo 11 activity and also inhibit Hsp90. Such agents 
may be used in an adaption of the present invention which involves the use of a 
single* dual action, agent only rather than separate first and second agents. An 
example of such m agent is an agent that bind to the ATPase domain of both Topo II 
andHSP90. 

The first and second agents may be further combined with other therapeutics 
when there is a medical need For instance, for certain medical conditions, the 
inventor has found even greater therapeutic efficacy when the agents sre combined 
with a mediacment which suppresses apoptosis in non-cancerous tissue(eg pifithrin- 



Agents which attenuate > k activity and inhibit Hsp90 may be used in 
chemotherapy to treat a - < v ^ ;X&>ns requiring the induction of targeted cell 
death. These include: 

1) Cancer chemotherapy; 

2) antibacterial treatments; 

3) antifungal treatments; 

4) the treatment of AIDS/HIV; 

5) the treatment of multiple sclerosis; and 

6) the killing and inhibition of proliferation of any organism. 

When used to treat cancer, the agents are particularly effective for treating solid 
tumours such as bowel cancer, small cell and non-small cell lung cancer, head and 
neck cancer, breast cancer, bladder cancer and malignant melanoma. 

The combined agents are also particularly effective for the treatment of paediatric 
tumours such as neuroblastoma and in the treatment of leukaemias and lymphomas* in 
which both proteins are contemporaneously or sequentially targeted. 
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The inventors have found that the combination of first and second agents 

improves the effectiveness of the agents for all known clinical applications for the 

agents. For instance, combination of etoposide (VP 16) with an Hsp90 inhibitor 

synergisticaily improves the effectiveness of etoposide for treating: 

Adult Acute Myeloid Leukemia 
Adult Hodgkin's Disease 
Adult Non-Hodgkin's Lymphoma 
ATDS-Related Lymphoma 
Carcinoma of Unknown Primary 
Childhood Acute Myeloid Leukemia 
Childhood Brain Tumor 
Childhood Cerebral Astrocytoma 
Childhood Ependymoma 
Childhood Hodgkin's Disease 
Childhood Liver Cancer 
Childhood Medulloblastoma 
Childhood Non-Hodgkin's Lymphoma 

Childhood Rhabdomyosarcoma 

CWV5--**fl Supratentorial IPrimitive Neuroectodermal and Pineal Tumors ^ . 
l/^M^ii* V-'fojal Pathway and Hypothalamic Glioma • 

*.V : "u*Jy of Tumors Including Primitive Neuroectoderm^ Tumor (PNET) 
^S^BfgL Germ Cell Tumors ,1^1 
Gastric Cancer 

Gastrointestinal Carcinoid Tumor 

Gestational Trophoblastic Tumor 

Kaposi's Sarcoma 

Malignant Thymoma 

Neuroblastoma 

Non-small Cell Lung Cancer 

Osteosarcoma/MaHgnant Fibrous Histiocytoma of Bone 
Ovarian Epithelial Cancer 
Ovarian Genoa Cell Tumor 
Pediatric Extracranial Germ Cell Tumor 
Prostate Cancer 
Retinoblastoma 
Small Cell Lung Cancer 
Testicular Cancer 
Unusual Cancers of Childhood 
Wilms 1 Tumor and Other Childhood Kidney Tumors 

When the agents are used to treat non-mammalian organisms, or to attack 
micro-organisms it is preferred that the agents are effective for attenuating ihe 
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activity of Hie species equivalent of Topo II or inhibiting the species equivalent of 
HS P90. For instance, when the agents are used as antibacterial agents H is preferred 
that they attenuate the activity of DN A gyrase <a bacterial type of topoisomerase II) 
and inhibit pHtpG (a bacterial equivalent of HSP 90). 

The agents may be used to treat existing medical conditions but may also be 
used when prophylactic treatment is considered medically necessary. 

The agents used according to the invention may take a number of different 
forms depending, in particular on me maimer in which they are to be used. Thus, for 
example, the agents may be in the form of a powder, tablet, capsule, liquid, ointment, 
cream, gel, hydrogel, aemsol, spray, micelle, liposome or any other suitable form that 
may be administered to a person or animal. It will be appreciated mat the vehicle for 
the agente should be one which is well tolerated by the subject to whom it is given 
and enables delivery of the agent to the target tissue. 

The agents may be used in a number of ways. For instance, systemic 
administration may be required in which case the agents may be contained within a 
composition which may. for example, be ingested orally in the form of a tablet, 
capsule or liquid. Alternatively the agents may be administered by injection into the 
blood stream. Injections may be intravenous (boms or in&sion) or subcutaneous 
(bolus or infusion). The compounds may also be administered by inhalation (e,g. 
intranasaliy). 

The agents may also be incorporated within a slow or delayed release device. 
Such devices may, tor example, be inserted under the skm and the compound may be 
released over weefcs or even months. The devices may be particularly advantageous 
when an agent is used which would normally require frequent administration (e.g. at 
least daily ingestion of a tablet or daily injection). 
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It is preferred that second agents according to the invention are initially 
dissolved in solvents such as DMSO before dilution in aqueous solution for the 
preparation of liquid medicaments. 

The agents may be formulated as prodrugs. Such prodrugs may be stored as 
inactive and stable medicaments which are subsequently activated. (EXAMPLES BE 
PROPRUGS???! 

It will be appreciated that the amount of an agent required is determined by 
biological activity and bioavailability that in turn depends on the mode of 
administration and the physicochemical properties of the agents employed. The 
frequency of administration will also be influenced by the abovementioned factors 
and particularly the half-life of the agents within the subject being treated. 

Known procedures, such as those convmuonally r-'-'- ; " 

pharmaceutical industry (e.g. in vivo experimentation, clinicaJ '::b±a .:->.. I -a-sed 
to establish specific formulations of agents and precise therape\ v :^;#uch as 
daily doses and the frequency of administration). 

Generally, a daily dose of between O.Olug/kg of body weight and l.Og/kg of 
body weight of a first agent and a second agent may be used for chemotherapy 
depending upon which specific agents are used. More preferably the daily dose of 
each agent is between O.lng/kg of body weight and lOOmg/kg of body weight. 

Purely by way of example suitable doses of first agents according to the 
invention are: 

(a) A suitable dose of Amsacrine* and derivatives thereof for treating a human 
cancer is lug-lg/M 2 IV (depending upon the health status of the individual). It is 
preferred that between 4S0mg/M a IV and 600mg/M 2 IV is given to a person over 3-5 
days. 
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(b) A suitable dose of Etoposide, and all podophyllctoxio derivatives and 
analogues, for ***** a human cancer is lug-lg^ 2 IV (depending upon the heal* 
statu, of the individual). It is preferred that between 60mg/M 2 IV and 120mg/M- IV ts 
given to a person daily for 5 consecutive days. 

(c) A suitable dose of Mitoxantrone, and all anthraccnedione derivatives and 
analogues, for treating a human cancer is lug-lg/M 2 IV (depending upon the health 
status of the individual). It is preferred that between 12mg/M* IV and 14mg/M IV is 
given to a person every 21 days. 

(d) When the first agent is Merbarone (or a derivative or analogue thereof); 
Glisten (or a derivative or analogue thereof); Pyrazoloacridine (or a derivative or 
analogue thereof); or 1CRF 154, 159, 187 and 193 (or derivatives and analogues 
thereof) a preferred dose is lug-lg/M 2 - 

' purely by way of exampk ..- : s^es of second agents accordwg^t the 
invention are: 

(a) A suitable dose of Radicicol <or a derivative or analogue thereof) for treating a 
human cancer is lng-lg/M 2 (depending upon the health status of the individual). 

(b) A suitable dose of Geldanatnycra for treating a human cancer is lng-lg/M 2 . 

(c) A suitable dose of 17-AAG for treating a human cancer is lng-tg/M - 

For all agents it is preferred that about 1 ug-1 gfcg of a first or a second agent is 
used for vetinary purposes. For instance about 4-25 rag/kg of Qeldanamycin may be 
used. 

Daily doses may be given as a single administration (e.g. a daily tablet for oral 
consumption or as a single daily injection). Alternatively the agents used may require 
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administration twice or more times during a day. A patient receiving treatment may 
take a first dose upon waking and then a second dose in the evening (if on a two dose 
regime) or at 3 or 4 hourly intervals thereafter. Alternatively a slow release device 
may be used to provide optimal doses to a patient without the need to administer 
repeated doses. A preferred route of administration is by intravenous infusion. 
Administration maybe over several hours or even days. 

A preferred means of using protein or peptide agents is to deliver such agents 
to the target tissue by means of gene therapy. For instance, gene therapy may be used 
to decrease expression of Topo II or HSP90, decrease expression of enzyme(s) 
responsible for the intracellular synthesis of Topo II or HSP90, increase expression of 
a protein which promotes breakdown of Topo 11 or HSP90. Therefore according to a 
fourth aspect of the present invention there is provided a delivery system for use in a 
gene thera^v ■■ --* - .^que^ said delivery system comprising: > 
(i> h ivw ' ^ molecule encoding for a protein which directly or indirectly 

, ,:. vopoisomerase II activity; and 
(ii) :■■ ^.;i.-ad DNA molecule encoding for a protein which directly or indirectly 

inhibits Heat Shock Protein 90 activity; 
wherein said DNA molecules are capable of being transcribed to allow the 
expression of said proteins and thereby be effective for chemotherapy. 

The delivery systems according to the fourth aspect of the invention are highly 
suitable for achieving sustained levels of a protein which are chemotherapeutically 
active over a longer period of time than is possible for most conventional therapeutic 
regimes. The delivery system may be used to induce continuous protein expression 
from cells in a target tissue that have been transformed with the DNA molecule. 
Therefore, even if the proteins have a very short half-life as agents in vivo, 
therapeutically effective amounts of the proteins may be continuously expressed from 
the treated tissue. 

Furfhennore, the delivery system of the invention may be used to provide the 
DNA molecules (and thereby the proteins which are active therapeutic agents) 



FILE No. 162 28.03.'02 17:58 lL>:nHKK£> & UJ=KR iLttio; 



rHA -uiio ooo »Au>k/A 



22 



without the need to use conventional pharmaceutical vehicles such as those required 
in tablets, capsules or liquids. 

The delivery system of the present invention is such that the DNA molecules 
are capable of being expressed (when the delivery system is administered to a patient) 
to produce proteins that directly or indirectly have activity for attenuating 
Topoisomerase 0 activity and inhibiting Heat Shock Protein 90 activity. By 
"directly 1 * we mean that the product of gene expression per se has the required 
activity. By 'indirectly" we mean that the product of gene expression undergoes or 
mediates (e.g. as an en*yme) at least one further reaction to provide an agent effective 
for attenuating Topoisomerase II activity or inhibiting Heat Shock Protein 90 activity. 

The DNA molecules may he contained within a suitable vector to form a 
recombinant vector. The vector may for example be a plasmid. cosmid, virus or phage. 
Such recombinant vectors are highly useful in the delivery systems of the invention for 
transforming cells with the DNA molecule. 

The recombinant vector may also further comprise a promoter or regulator to 
control expression of the gene as required. 

It will be appreciated mat the first and second DNA molecules may be contained 
within a single vector and the expression thereof may be driven from either a single 
promoter or individual promoters. Alternatively the delivery system may comprise first 
and second DNA molecules contained within respective first and second expression 
vectors. 

Recombinant vectors may also include other functional elements. For instance, 
recombinant vectors can be designed such that the vector will autonomously replicate in 
the celt In this case, elements that induce DNA replication may be required in the 
recombinant vector. Alternatively the recombinant vector may be designed such that the 
vector and recombinant DNA molecule integrates into the genome of a cell. In mis case 
DNA sequences which favour targeted integration (e.g. by homologous recombination) 
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are desirable. Recombinant vectors may also have DNA codiog for genes that may be 
used as selectable markers in the cloning process. 

The DNA molecules may (but not necessarily) be one Which becomes 
incorporated in (he DNA of cells of the subject being treated. Undifferentiated cells 
may be stably transformed leading to the production of genetically modified daughter 
cells (in which case regulation of expression in the subject may be required e.g. with 
specific transcription factors or gene activators). Alternatively, the delivery system may 
be designed to favour unstable or transient transformation of differentiated cells in the 
subject being treated When this is the case, regulation of expression may be less 
important because expression of the DNA molecules will stop when the transformed 
cells die or stop expressing the proteins (ideally when chemotherapy is no longer 
required). 

The delivery system may provide the DNA molecules to -v.^^-t v iAj^t 
them being incorporated in a vector. For instance, the DNA iiv-I v ; u ^ --*e 
incorporated within iiposome$ or virus particles. Alternatively the -ftifcHS! 9 "DNA 
molecules may be inserted into a subject's cells by a suitable means e.g. direct 
ertdocytotic uptake* 



Hie DNA molecules may be transferred to the cells of a subject to be treated 
by tr&nsfection, infection, microinjection, cell fbsioa, protoplast fusion or ballistic 
bombardment. For example, transfer may be by ballistic transection with coated gold 
particles, liposomes containing the DNA molecules, viral vectors (e.g. adenovirus) 
and means of providing direct DNA uptake (e.g. endocytosis) by application of die 
DNA molecules directly to the target tissue topically or by iiy ectton. 



Hie discovery that Topo II and HSP90 interact has enabled the inventor to 
develop a drug screening assay system for testing the efficacy of candidate drugs as 
ohemotherapeutic agents. Therefore the two interacting proteins MSP90 and 
Topoisomerase II may be used a$ a complex target far new drug development in 
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which both proteins are contemporaneously or sequentially targeted for new 
mammalian, fungal and anti bacterial agents. 

According to a fifth aspect of the present invention there is provided a method 
of screening a first and a second compound, to test whether or not said compounds 
has efficacy for use in combination as a chemotherapy, comprising: 

(i) exposing said compounds to Topoisomerase II and evaluating whether 
or not said compounds bind thereto; 

(ii) exposing said compounds to Heat Shock Protein 90 and evaluating 
whether or not said compounds bind thereto; and 

(iii) selecting a first and second compound, wherein at least one compound 
binds to Topoisomerase II and at least one compound binds to Heat 
Shock Protein 90 for use in combination as a chemotherapy. 

It will be appreciated that ^ : ^ : wording to the fifth aspect of the 
invention may be adapted such that n x. > Ws.:a2r.wa« whether or not a single compound 
may have a novel use in chemotherapy. Therefore according to a sixth aspect of the 
invention there is provided a method of screening a compound, to test whether or not 
said compound has efficacy for use in chemotherapy, comprising exposing said 
compound to Topoisomerase II and Heat Shock Protein 90 to evaluate whether or not 
said compound prevents interaction between Topoisomerase II and Heaishock Protein 



Compounds screened according to the fifth or sixth aspects of the invention 
represent candidate cbemotherapeutic agents. The screening methods are is based 
upon the Inventors realisation that interaction between Topoisomerase 11 and Heat 
Shock Protein 90 is closely related to undesirable cell growth (carcinogenesis and the 
like). It will be appreciated that the pharmaceutical industry will be able to use the 
methods according to the fifth or sixth aspect of the invention to identify candidate 
medicaments for further investigation as anti-cancer agents. 



90. 
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A preferred technique for carrying out the methods of the fifth and sixth 
aspects of the invention is to exposure the compounds to he tested to Topoisomerase 
11 and Heat Shock Protein 90 used as binding partners in an interaction trap. Many 
forms of interaction trap are known to the art, Preferably a yeast two-hybrid 
interaction trap is employed. Yeast two-hybrid screening is a strategy for screening 
for interaction between proteins. Yeast two-hybrid screening used according to the 
invention may involve expression of trsnslational fusions of (a) Topoisomerase 11 and 
part of a reporter gene; and (b) Heatshock Protein 90 fused in-frame with the other 
part of the reporter gene. When the fUsion proteins are expressed, interaction between 
(a) and (b) allows the reporter to assemble and generate a signal. Test compounds that 
represent candidate cbemotherapeutic agents prevent interaction between (a) and (b) 
and may be identified because no reporter signal is produced from samples containing 
the candidate. 

ft will h*> a:v^ ^ that any other form of interaction trap may be used*to 
pW the r-^Ti ^ - - ^:ice. Suitable examples included techniques such as 
mammalian tw&-ii^?/jih3j bacterial two-hybrid or alternatively various types of pull 
down assay. 

When the methods relate to the disruption of protein-protein interactions based 
on the yeast two-hybrid technique it is preferred that yeast are used that are permeable 
to the tested compounds. Examples of drug permeable yeast which may be used 
accdniing to the invention include MDS or ISE 2 mutations (e.g. strains carrying 
these mutations (ISE2), JJ700, BJ201), Suitable strains are disclosed in Hammonds et 
al Antimicrob Agents Chemother. 1998 Apr,42(4):889-94. 

It will be appreciated that the methods according to the fifth or sixth aspects of 
the invention may be adapted to identify compounds that promote interaction between 
Topoisomerase 11 and Heatshock Protein 90 (rather than inhibit such interaction) Such 
an adapted test represents a good method for evaluating whether or not a test 
compound is likely to be carcinogenic Therefore according to a seventh aspect of the 
present invention there is provided a method of screening a compound, to test whether 
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or not said compound is carcinogenic, comprising exposing said compound to 
Topoisomerase II and Heatshock Protein 90 to evaluate whether or not said compound 
promotes interaction between Topoisomerase n and Heatshock Protein 90. 

Accordingly any compound, identified according to the seventh aspect of the 
invention, that promotes interaction between Topoisomerase II and Heatshock Protein 
90 is likely to be carcinogenic The method may be used to screen compounds to 
assess whether or not they are safe to be used by the public. For instance cosmetics, 
foodstuffs, candidate therapeutic agents etc may all be tested to investigate whether or 
not they may cause cancer. The method according to the seventh aspect of the 
invention may also be used for environmental monitoring. For instance, the test may 
be used to evaluate whether or not effluent from a factory may contain carcinogenic 
compounds. 



The discovery that Topo VL and Hsp90 interact has further enabled Ihe inventor 
to develop a test whereby the measurement of HSP90 and Topoisomerase II protein 
levels in cells is used as a diagnostic aid. According to an eighth aspect of the present 
invention mere is provided an in vitro method for diagnosing whether or not a subject 
has, or is likely to develop cancer, comprising! 

(i) detecting the level of activity or expression levels of HSP90 and 
Topoisomerase II from a sample of cells from said subject; and 

(ii) comparing the level of activity or expression levels of HSP90 and 
Topoisomerase II in said sample relative to activity expression levels 
of HSP90 and Topoisomerase II from a non-cancerous sample. 



The method according to the eighth aspect of the invention indicates that a 
subject is at risk of developing cancer if the activity or expression levels of Topo H or 
HSP90 are raised relative to control values (e.g samples from an individual without 
cancer or from non-cancerous tissues from the subject). 
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Preferably a first sample is taken from a tissue which is suspected to be 
cancerous and a second sample is taken from normal tissue (i..e non-cancerous tissue) 
from the same subject 

The method according to the eighth aspect of the invention may be adapted for 
determining the sensitivity of a subject to a specific combination of fast and second 
agents according to the invention (i.e. an HSP90 inhibitor and a Topoisomerase II 
inhibitor). Thus according to a ninth aspect of the present invention there is provided 
an in vitro method for evaluating the suitability of chemotherapeutic treatment for 
administration to a subject* comprising: 

(i) detecting the level of activity or expression levels of HSP90 and 
Topoisomerase II from a sample of calls from said subject; and 

(ii) comparing the level of activity or expression levels of HSP90 and 
Topoisomerase II in said sample relative to activity expression 

of HSP90 and Topoisomerase II from a non-cancerous sav;v * 

According to a tenth aspect of the present invention there is provftfe£ V&i'/t* 
vitro method for monitoring the effectiveness of a chemotherapy for treating a 
subject, comprising: 

(i) detecting the level of activity or expression levels of HSP90 and 
Topoisomerase II from a sample of cells from said subject; and 

(ii) comparing the level of activity or expression levels of HSP90 and 
Topoisomerase II in said sample relative to activity expression levels 
of HSPM) and Topoisomerase II from a non-cancerous sample. 



The invention will be further illustrated in the non-limiting Example and 
figures, in which: 

Figure la illustrates mass fingerprinting data which identified that HSP 90 p 
as being associated with native topoisomerase Ila following immunoprecipitation; 
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Figure lb shows western blots of counter imrounoprecipitaiions and probing 
of the blots, demonstrating that HSP 90 p and topoisomerase Ho come down in pull 
down experiments; 

Figure 2 illustrates the effect of inhibitors of HSP 90 and inhibitors of 
topoisomerase II on proliferation and cell killing in cell lines; and 

Figure 3 illustrates the effect of inhibitors of HSP 90 and inhibitors of 
topoisomerase II on DNA damage after 30 minutes treatment. 
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EXAMPLE 1 

Experiments were conducted that established HSP90 and Topoisomerase II interact 
and influence ceil growth. This discovery lead the inventor to develop the various 
aspects of the invention described herein. 

METHODS 



Immuttopttcipitatiotis 

100 mm dishes were seeded with 3 x 10 6 cells and allowed to adhere overnight. 
Media was placed with fresh media alone (control) or containing e.g. 50 uM VP1 6 for 
24 hows. Cells were wash twice with wash buffer (0.4 mM EDTA, 10 rnM sodium 
fluoride, 10 mM sodium pyrophosphate, 0.4 mM sodium ormovanadate) and 
incubated on ice with 250 ul cell lysis buffer (50 mM Tris HC1 pH 8.0, 425 mM 
NaCl 1 mM EDTA, 10 mM sodium fluoride, 0.5 raM sodium orthovanadate, I % v/v 
igepal CA-630, 5 % w/v deoxycholic acid, 0.1 % w/v SDS) containing protease 
inhibitor cocktail HI (Calbiochem). Cells were scraped on ice, sonicated for 30 
seconds and cell debris removed by centrifugation at 14,000 x g for 30 minutes at 
4°C. Cell lysates were then pre-cleared by incubation with 25 ul of 1 0 % w/v protein 
A sephatose CL-4B (* ". ..i^ Pharmacia Biotech) in PBS for 1 hour rotating.at 
4°C. Samples wen U * > . • maximum speed in a 4'C benchtop centrifuge and 
supematants reav-H.! ; j r i s>fuge tubes. 5 ug of either anti-topoisomerase Ha 
(Labvision) orani. . •••.-•o^rotein 900 (Labvision) antibodies were added to *ell 
lysates and incubated ^tJ evemight 50 ul of 10 % w/v protein A sepharbse in 
PBS was added and samples allowed to precipitate by rotating at 4°C for 1 hour. 
Samples were spun briefly at maximum speed in a 4°C benchtop centrifuge and 
supematants discarded. Immunoprecipitates were washed with 250 ul cell lysis 
buffer, resuspended in 60 ul IPG buffer (7 M urea. 2 M thiourea, 4 % w/v CHAPS, 40 
mM Tris base, 1% w/v DTT) and analysed by one-dimensional (1 -D) electrophoresis. 

1-D electrophoresis and itnmunobloitittg 

Total protein extracts and immunopreoipitations were separated by 7.5 % or 12 % 
SDS-PAGE under reducing conditions. Gels were then either stained using Colloidal 
blue concentrate (Sigma) in 20 % v/v methanol or blotted onto nitrocellulose 
membrane. Blots were probed with eiUier rabbit primary antibodies against human 
Topoisoroerase Ila or Heat Shock Protein 900, or mouse primary antibodies against 
human heat shock protein 70 (Labvision). Anti-rabbit and anti-mouse IgG secondary 
a»tfo<>die$ conjugated with horseradish peroxidase (DAKO) were detected by 
Supersignal West Dura Extended Substrate (Pierce) and imaged using a Fluor-S 
bioimager (BioRad). 

Jn-gel digestions and mass spectrometry 

Bands were excised from gels, placed into 0.5ml microfuge tubes pre-washed with 
acetonitrile followed by methanol. Gel slices were washed with 100 ml 50 % v/v 
acetonitrile, 25 mM ammonium bicarbonate for 15 minutes with occasional gentle 
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agitation. Samples were briefly spun and supernatant discarded. Gel slices were then 
dried in a SpeedVac for approximately 30 minutes and rehydrated overnight at 3TC 
in 4 pi of 10 ng/^tl trypsin (Promega) in ammonium bicarbonate. 4 jxl of d HjO was 
added to each sample and allowed to soak for IS minutes. Peptides were then 
extracted by the addition of 7 fil of 30 % v/v acetonitrile > 0J % v/v triftooroacetic 
acid (TFA) and brief vortexing. 0.5 of sample was placed onto a 96 wejl target and 
mixed with 0.5 pd of lOmg/ml a-cyano-4-hydroxycinnamic add (HCCA; dissolved in 
495 pi acetonitrile* 495 pi ethanol, 10 |4l 0.1 % TFA) containing 0.5 ftnol ACTH as 
an internal standard, Matrix assisted laser desorption ionisation time of flight 
(MALDI-TOF) mass spectrometry was performed by Dr. Stephen Pennington DepL 
Human Anatomy and Cell Biology, using a Micromass MALDL Spectra obtained 
were analysed using MassLynx and ProteinProbe software programmes and compared 
to theoretical tryptic digests created from a FAST A database. 

RESULTS 

Protein-Protein interactions 

Protein association studies were conducted using I dimensional SDS-PAGE analyses 
of co-immunoprecipitated proteins. Jmmunoprecipitation were undertaken with 
commercial antibodies against the native protein, and binding partners were identified 
'. : dimensional SDS-PAGE and peptide mass fingerprinting by MALDI-TOF mass 
• ^sopy and western blot analysis. 

mass fingerprinting data identified HSP90 J3 as being associated with native 
iopoisomerase Ila following immuuoprecipitation, see Fi gl a. 

The counter precipitation was performed (IP with antibodies against HSP90jJ) and 
topoisomerase n was demonstrated to be associated with HSP90. Fig lb shows 
western blots of counter immunopretipitations and probing of the blots, 
demonstrating that the corresponding proteins come down in pull down experiments. 

The results, MALDI and IP, demonstrate that there is a physical interaction between 
Topoisomerase II and HSP 90. 

Drug target 

The inventor realised that the interaction between these two proteins represents a new 
drug target and went on to assess the effect of modulators of these proteins in 
combination for chemotherapy (see Example 2) 
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EXAMPLE 2 

Example 1 illustrates there was a physical interaction between Topo II and HSP90, 
We therefore tested the effect of combining drags that had a specific effect on 
Topoisomsrase 0 and a specific effect on HSP90. We tested at least two classes of 
drug that inhibit HSP90 and at least four that inhibit topoisomerase II. The 
combination of an HSP90 inhibitor and a topoisomerase II inhibitor show a 
synergistic effect (see below). 

METHODS 

Established cell culture 

The isogenic p53 human colon cancer cell line (WT and KO), HCT1 16, was a kind 
gift from Best Vogelstein. Cells were maintained in McCoys SA medium (Sigma) 
supplemented with 10 % foetal calf serum (Gibco) at 37°C in a 5 % CO* enriched 
humidified environment. Penicillin and Streptomycin. 

Standard cell lines as above except: 

K562 RMPI 1640 (Sigma), SK-MEL-3 -McCoys (Sigma), OAW42 DMEM 
supplemented with ImM sodium pyruvate I0p&m\ insulin & NCI-H125 RPMI 1640 
(Sigma), HT29 DMEM (Sigma). 

Growth inhibition assay 

96 well flat-bottomed plates were seeded with 3 x 10 3 cells per well and allowed tc 
adhere overnight. Media was then replaced with fresh media alone (control) or 
containing test drugs eg 0-1 to SO pM etoposide (VP16)„ 50 to 200 nM geldanamycin 
(GA) and combinations of both. At fixed time points, cells were fixed with 3:1 
methanol .acetic acid and stained with 0,4 % w/v sulfoifcodamine B (Sigma) in 1 % 
v/v acetic acid for 30 minutes. Plates were then washed twice with 1 % v/v acetic 
acid, the dye solubilised with 100 \xl per well of 10 xnM Tris pH 10.4 and read at 
AS70nm using a Benchmark microplate reader (BioRad). 

Clonogenic assay 

Cells were plated at a density of 1000 cells per well in 6 well plates and allowed to 
adhere overnight Cells were treated with e.g. 0.5 to 50 \M VP16, 50 to 1500 nM 
GA or combinations of the two for 1 hour. Cells were then washed twice with PBS 
and re-incubated with fresh medium for 10 days. Media was then removed and cells 
were fixed with 70 % v/v methanol for 1 minute. Cells were then stained with 0.2 % 
w/v crystal violet in 70 % v/v ethane! for 10 seconds, washed with dH 2 Q and allowed 
to air dry. The number of colonies formed of > 50 cells each were counted. 

Drugs were used in the following concentrations for growth inhibition and olonagenic 
assays: 

Geldanamycin 1-1500 nM 
Radidcol 5nM-37.5jiM 
Etoposide 0.01-250 \xM 
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Merbarone 0.01-100^M 
Amsacrine 0.01 -200^M 
1CRF 159 0.0l*iM-2mM 
Mitoxantrone O.OlnM-lGOjiM 



Flow cytometry protocol for cell cycle analysis* 

1 . Seed cells eg HCTl 16 +/+ or K562 cells in small petri dish or 6 well plate using 
5ml of I x I0 6 cells/ml in appropriate medium. Fot HCTll6+/-h cell line use 
McCoys 5A Medium supplemented with 10% Foetal Calf Senim (FCS) and 
Penicillin and Streptomycin. For K562 cell line use RPMI 1640 Medium 
supplemented with 10% FCS and Penicillin and Streptomycin. 

2- Leave to attach overnight for adherent cell lines in incubator at 37°C 5% CO* 
atmosphere,* 

3. Dose with 5ml of drug/control for rajitfred time course in incubator at 37^C 5% 
CO2 atmosphere, 125nM Geldanamycin, 0.S^M VP 16, or 125nM Geldanamycin 
and 0.5>iM VP 16 combination; 

4. After treatment, remove medium ftomwell to a univ^ettube** 

5. Wash well with 500^1 PBS and remove to s^~~ iz:J. 

6. Add 500jd trypsin and wait for detachment 

7. Add trypsin and ceils to universal and rinst, 4* ^ v oik some of the! medium 
from the universal. 

8. Spin cells at 4°C at 2500rpm for 5 mins, 

9. Remove supernatant and resuspend pellet in 500^1 PBS 

10. Transfer to Falcon tube and spin at 4°C at 2500 xpm for 5 minutes 

I L Remove supernatant and add 5G0pI ice-cold 70% ethanol, and leave in fridge for 
2-S minutes. 

12. Spin cells at 4°C at 2500rpm for 5 mins. 

13. Wash twice in 1 ml PBS. 

14. Add 40^1 of lOOHg/ml ribonudease A for 5 mins at room temperature. 

15. Add 400^1 of 50^g/mlpropidium iodide (Sigma) and incubate for ISminutes, 

16. Analyse on FACSVaotage SE (Becton Dickinson) using 488nm laser for 
excitation, and collecting fluorescence above 585nm (FL-2), Collect data using 
CellQuest Pro v4,0. Analyse data using Mod Fit LT v3.0 

* For suspension cell lines, spin cells down and resuspend at between 2-4x10* 
cells/ml in medium supplemented with the drug treatment required. 
** For suspension cell lines ignore steps 6 and 7. 

RESULTS 

This is the first time that disruption of two interacting proteins has been specifically 
demonstrated as a chemotherapeutic treatment (Rational chemotherapy). This was 
tested using an inhibitor of HSP90 and an inhibitor of Topoisomerase n in 
combination; the beneficial effect of disrupting the interaction between the two 
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proteins is shown La fig 2a, for proliferation. Fig 2al A 3 single drog treatment on WT 
p53 cells, Fig 2a2 & 4 single drug treatment on p53 KO cells, Fig 2a5 & 6 
combination treatment showing only inhibition of proliferation with the combination 
of drugs. 

The clonogenic assay for cell killing (lhr exposure) is shown in Fig 2b. Fig2c 
demonstrates the relative fold change to single drug treatment The time required for 
the killing process is an exposure of 1 hour or less as demonstrated by the clonogenic 
assay. So DNA damage was looked at during these early time points, Pig 3 a, which 
demonstrated that there is a population of DNA that is sub Gl at 30 minute*. This is 
also true to another cell line, leukaemic, K562, Fig 3 b. 

The combination of the two agents produces a synergistic effect (ie cell killing ai 
concentrations, where there is little or no effect with single drugs. At least 3-5 times 
greater than the drug used in isolation). The action is independent of p53 status. 
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CLAIMS 

1, A use of a first agent that attenuates Topoisomerase II (Topo II) activity and a 
second agent that inhibits Heat Shock Protein 90 (HSP90)acttvity in the manufacture 
of a medicament for contemporaneous or sequential administration in chemotherapy. 

2, The use according to claim 1 wherein the first agent is a compound selected 
from: 

(i) compounds that bind to Topo II and inhibit its activity (e.g. competitive 
inhibitors or allosteric inhibitors); 

(ii) compounds which prevent the transcription, translation or expression of 
Topo II (e.g. ribo2ymes or antlsense DNA molecules); 

(H5> compounds which inhibit release of Topo II from intracellular stores; and 
f i / ' ^ -r^ounds which increase the rate of degradation of Topo II . 

The use according to claim 1 or 2 wherein the first agent is a compound that 
interferes with the breakage and rdigation of a Q segment of DNA. 

4. The usq according to claim 3 wherein the first agent is a Podophyllotoxin and 
derivatives and analogues thereof. 

5. The use according to claim 4 wherein the first agent is etoposide (VP16) or 
teniposide. 

6. The use according to claim 3 wherein the first agent is an Anthracenedione 
and derivatives and analogues thereof 

7- The use according to claim 6 wherein the first agent is Mitoxantrone. 

8. The use according to claim 3 wherein the first agent is m-AMSA (amsacrine) 
and derivatives and analogues thereof 
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9. The use according to claim I ox 2 wherein the first agent is a 
Bisdioxopiperszine and derivatives and analogues thereof. 

10. The use according to claim 9wherem the first agent is ICRF-154, 159, 187 or 
193. 

11. The use according to claim 1 or 2 wherein the fhst agent is a thiobarbiturale 

12. The use according to claim 11 wherein the first agent is. Merbarone or a 
derivative or analogue thereof. 

13. The use according to claim 1 or 2 wherein the first agent Genisten and 
derivatives or analogues thereof; or Pyrazoloacridine and derivatives or analog - ^ 
thereof. 

14. The use according to any preceding claim wherein the second agent is a 
compound selected from: 

(i) compounds that bind to Hsp90 and inhibit its activity (e.g, competitive 
inhibitors or allosteric inhibitors); 

(ii> compounds which prevent the transcription, translation or expression of 
Hsp90 (e.g. ribozyraes or antisense DNA molecules); 

(iii) compounds which inhibit release of Hsp90 from intracellular stores; and 

(iv) compounds which Increase fte rate of degradation of Hsp90. 

15. The use according to claim 14 wherein the second agent is Geldanamycin or a 
derivative or analogue thereof. 

1 6. The use according to claim 1 5 wherein the second agent is 1 7-Allylamino, 1 7- 
demethoxygeldaaamycin (17AAG). 
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17. The use according to claim 14 wherein the second agent is Radidcol or a 
derivative or analogue thereof. 

18. The use according to any preceding claim wherein the chemotherapy is for 
cancer treatment 



19. The use according to claim 18 for the treatment of solid tumours. 



20. The use according to claim 19 for toe treatment of bowel cancer, small cell 
and non-small cell hrog cancer, head and neck cancer, breast cancer, bladder cancer or 
malignant melanoma. 



21. The use according to claim IS for toe treatment of paediatric tumours. 



22. The use according to claim 18 or 21 for the '^fci.-r-sart *r r v^tablastoma, 
leukaemias and lymphomas. 

23. The use according to claim 5 wherein the first agent is etoposide in toe 
treatment of cancers selected from: 

Adult Acute Myeloid Leukemia 
Adult Hodgkin's Disease 
Adult Non-Hodgkm's Lymphoma 
AIDS-Related Lymphoma 
Carcinoma of Unknown Primary 
Childhood Acute Myeloid Leukemia 
Childhood Brain Tumor 
Childhood Cerebral Astrocytoma 
Childhood Ependymoma 
Childhood Hodgkin's Disease 
Childhood Liver Cancer 
Childhood Medufloblastoma 
Childhood Non-HodgkWs Lymphoma 
Childhood Rhabdomyosarcoma 

Childhood Supratentorial Primitive Neuroectodermal and Pineal Tumors 
Childhood Visual Pathway and Hypothalamic Glioma 
Endometrial Cancer 

Swing's Family of Tumors Including Primitive Neuroectodermal Tomer (PNET) 
Extragonadal Germ Cell Tumors 
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Gastric Cancer 

Gastrointestinal Carcinoid TumOr 

Gestational Trophoblastic Tumor 

Kaposi's Sarcoma 

Malignant Thymoma 

Neuroblastoma 

Non-small Cell Lung Cancer 

Osteosarcoma/Malignant Fibrous Histiocytoma of Bone 

Ovarian Epithelial Cancer 

Ovarian Genu Cell Tumor 

Pediatric Extracranial Germ Cell Tumor 

Prostate Cancer 

Retinoblastoma 

Small Cell Lung Cancer 

Testicular Cancer 

Unusual Cancers of Childhood 

Wilms 1 Tumor and Other Childhood Kidney Tumors 

24. The use accotding to any ors ^claims 1-17 wherein the chemotherapy is 
for: 

antibacterial treatment*. ; 

antifungal treatments; 

the treatment of AIDS/HIV; 

the treatment of multiple sclerosis; or 

the killing and inhibition of proliferation of any organism. 

25. The use according to any preceding claim wherein the chemotherapy is for 
prophylactic treatment 

26. A dellve*y system for use in a gene therapy technique, said deliveiy system 
comprising: 

(i) a first DNA molecule encoding for a protein which directly or indirectly 
attenuates Topoisomerase II activity; and 

(ii) a second DNA molecule encoding for a protein which directly or indirectly 
inhibits Meat Shock Pmtfan 90 activity; 

wherein said DNA molecules are capable of being transcribed to allow the 
expression of said proteins and thereby be effective for chemotherapy. 
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27. The use of a delivery system according to claim 16 for the manufacture of a 
medicament for use in chemotherapy. 

28. The use according to claim 27 for the treatment of conditions defined by any 
one of claims 18 to 25. 

29. A method of screening a first and a second compound, to test whether or not 
said compounds has efficacy for use in combination as a chemotherapy, comprising: 

(a) exposing said compounds to Topoisomerase II and evaluating whether or 
not said compounds bind thereto-, 

(b) exposing said compounds to Heatsb«* Protein 90 and evaluating whether 
or not said compounds bind thereto; and 

(^selecting a first and second compound, wherein at least one compound 
■,s.x\- Topoisomerase II and at least one compound binds to Heatshock 
•- • • BO for use in combination as a chemotherapy. • 

30. A method of screening a compound, to test whether or not said compound has 
efficacy for use in chemotherapy, comprising exposing said compound to 
Topoisomerase n and Heatshock Protein 90 to evaluate whether or not said compound 
prevents interaction between Topoisomerase II and Heatshock Proton 90. 

31. The method according to claim 29 or 30 wherein the compound is screened 
using Topoisomerase II and Heatshock Protein 90 as binding partners in an intemction 
trap and evaluating whether or not said compound modulates binding. 

32. The method according to claim 3 1 wherein the interaction trap is a yeast two- 
hybrid interaction trap. 



33. The method according to claim 32 wherein yeast used in the interact trap are 
permeable to the tested compounds. 
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34 A method of screening a compound, to test whether or not said compound is 
carcinogenic, comprising exposing said compound to Topoisomerase II and 
Heatshock Protein 90 to evaluate whether or not said compound promotes interaction 
between Topoisomerase II and Heatshock Protein 90. 

35. An in vitro method for diagnosing whether or not a subject has, or is likely to 
develop cancer, comprising^ 

(i) detecting the level of activity or expression levels of HSP90 and 
Topoisomerase II from a sample of cells from said subject; and 

(ii) comparing the level of activity or expression levels of HSP90 and 
Topoisomerase II in said sample relative to activity expression levels of 
RSP90 and Topoisomerase II from a non-cancerous sample. 

36. an i«W^memod for evaluatmg me suitability of chemomerapeutic treatment 

for administration to a subject, comprising; 

® detecting the level of activity or expression levels of HSP90 and 

Topoisomerase II from a sample of cells from said subject; and 
(H) comparing the level of activity or expression levels of HSP90 and 
Topoisomerase 11 m said sample relative to activity expression levels of 
HSP9Q and Topoisomerase II from a non-cancerous sample. 

37. According to a tenth aspect of the present invention there is provided an in 
vitro method for monitoring the effectiveness of a chemotherapy for treating a 

subject, comprising: 

(i) detecting the level of activity or expression levels of HSP90 and 
Topoisomerase II from a sample of cells from said subject; and 

(ii) comparing we level of activity or expression levels of HSP90 and 
Topoisomerase II in said sample relative to activity expression levels of 
HSP90 and Topoisomerase II from a non-cancerous sample. 
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